Background: Sub-superficial musculo-aponeurotic system (SMAS) rhytidectomy techniques are considered to have a higher complication profile, especially for facial nerve injury, compared with less invasive SMAS techniques. This results in surgeons avoiding sub-SMAS dissection. Objectives: The authors sought to aggregate and summarize data on complications among different SMAS facelift techniques. Methods: A broad systematic search was performed. All included studies: (1) described a SMAS facelifting technique categorized as SMAS plication, SMASectomy/imbrication, SMAS flap, high lateral SMAS flap, deep plane, and composite; and (2) reported the number of postoperative complications in participants. Meta-analysis was performed in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. Results: A total 183 studies were included. High lateral SMAS (1.85%) and composite rhytidectomy (1.52%) had the highest rates of temporary nerve injury and were the only techniques to show a statistically significant difference compared with SMAS plication (odds ratio [OR] = 2.71 and 2.22, respectively, P < 0.05). Risk of permanent injury did not differ among techniques. An increase in major hematoma was found for the deep plane (1.22%, OR = 1.67, P < 0.05) and SMAS imbrication (1.92%, OR = 2.65, P < 0.01). Skin necrosis was higher with the SMAS flap (1.57%, OR = 2.29, P < 0.01). Conclusions: There are statistically significant differences in complication rates between SMAS facelifting techniques for temporary facial nerve injury, hematoma, seroma, necrosis, and infection. Technique should be selected based on quality of results and not the complication profile.
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Rhytidectomy has evolved from its origin as a subcutaneous flap procedure to incorporation of deeper fascial layer manipulation. The hallmark studies that gave way to this were Skoog's technique of dissecting the skin and platysma as a single unit 1 and Mitz and Peyronie's description of the superficial musculo-aponeurotic system (SMAS). 2 With this understanding, different techniques developed that suspend the SMAS in an attempt to remove tension from the skin surface, thereby enabling optimal healing of incisions, improving scars, and increasing the longevity of the face lift outcome. The major classifications of SMAS approaches described since (in their order of increasing aggresivity with deeper tissue manipulation) include SMAS plication, SMASectomy/imbrication, SMAS flap, high lateral SMAS flap, deep plane, and composite rhytidectomy.
The theory behind greater SMAS manipulation is that more significant deep tissue manipulation will create more durable results. In support of this theory, some studies show a limited duration of effect of SMAS plication facelifts. 3, 4 Whereas SMAS elevation has been documented to create greater improvement in rejuvenation and longevity of outcome by some, others 5, 6 have shown that deeper tissue manipulation does little to improve these endpoints. 7, 8 ; A systematic review of the rhytidectomy literature published in 2011 concluded there is a lack of quality data in comparing the efficacy among different facelift techniques. They noted the need for better studies, especially randomized, prospective, controlled studies, and called for a standardized method of efficacy analysis and patient-reported outcome measures to allow objective comparison of facelift techniques. 9 Because of the lack of data with good comparison of technique, there is no uniformity in approach to rhytidectomy, and most surgeons gravitate to techniques based on their training and experience.
Many surgeons avoid sub-SMAS dissection due to their fear of complications, specifically facial nerve injury. More invasive facelifting techniques such as the deep plane and composite flap techniques have been routinely criticized for having a higher risk of nerve injury. Even though anatomically deeper tissue manipulation theoretically would increase risk due to proximity of the facial nerves to the dissection plane, there is no individual case series that has documented a high rate of this complication, nor are there comparative data in the literature to suggest a significant difference in complication rates exists between the various facelifting techniques.
The problem with the current body of plastic surgery literature is that there are many studies with small numbers of participants, and as such none of these studies have the statistical power to lead us to a definitive conclusion, especially when comparing different surgical treatment groups. A meta-analysis is a solution to this problem; it is a statistical analysis of a large collection of results from individual studies for the purpose of integrating the findings. 10 Metaanalysis is a quantitative, formal, epidemiological study design used to systematically assess the results of previous research to derive conclusions about that body of research. Outcomes from a meta-analysis include a more precise estimate of the effect of treatment or risk factors than any individual study contributing to the pooled analysis. The benefits of meta-analysis include a consolidated and quantitative review of a large and often complex, sometimes apparently conflicting, body of literature.
The objective of this study was to perform a comprehensive review of the literature and meta-analysis to evaluate and compare the published complication rates for all SMAS facelifting techniques. The major and minor complications studied include temporary and permanent facial nerve injury, hematoma, seroma, skin necrosis, and infection. Temporary facial nerve injury indicated that the facial nerve regained its motor function without intervention during the postoperative period. The techniques we compared were SMAS plication, SMASectomy/imbrication, SMAS flap, high lateral SMAS flap, deep plane, and composite rhytidectomy.
METHODS
The systematic search was started with a thorough Englishlanguage literature search of PubMed by the 3 independent authors (A.A.J., A.S.A., and J.L.R.) for all articles published as of the date of search (December 18, 2018) . This search used the keyword search terms in combination as follows: "facelift OR face lift OR rhytidectomy OR rhytidoplasty." This was designed to be broad and inclusive. Articles were then eliminated based on the exclusion criteria ( Figure 1 ). 
Systematic Review
Exclusion criteria were as follows:
1. Any study that described treatment of noncosmetic disorders (parotid tumors, thyroid tumors, mandible fractures); 2. Articles solely related to browlifting, midface lifts, and subperiosteal lifts through periorbital and temporal approaches; 3. Articles related to thread lifting; 4. Articles describing direct anterior neck excisions; 5. Anatomic cadaveric studies; 6. Any nonhuman study; 7. Any study reported in a language other than English; 8. Any article that did not provide any data on at least one of the desired outcome measures.
Two principle criteria were set for inclusion. The first criterion was that the study needed to clearly describe a facelifting technique that could be divided into the following categories: (1) SMAS plication, (2) SMAS excision (often referred to as SMASectomy)/imbrication, (3) SMAS flap, (4) high lateral SMAS flap, (5) deep plane, or (6) composite. The specific definitions for each type of facelift technique were as follows. SMAS plication folds the SMAS upon itself and sutured it to itself to tighten it without any incision into the SMAS layer or undermining of the SMAS. SMASectomy involves the removal of a strip of SMAS and overlying fat, with direct suture closure between the 2 cut surgical edges. We define SMAS imbrication as minimal elevation of the SMAS lateral to the anterior border of the parotid gland, from which the facial nerve branches emerge. We combined SMASectomy as a category because it involves cutting through the SMAS, and SMASectomy often requires imbrication to close the SMAS defect. SMAS flap rhytidectomy indicates a more extensive flap elevation, often past the anterior border of the parotid gland. An example is the extended SMAS facelift procedure described by Stuzin, 11 which involves elevating the SMAS flap past the parotid gland into the malar region, thus releasing the masseteric ligaments. We categorized high lateral SMAS as a procedure that dissects the flap similar to a SMAS flap in an anterior fashion differs in that the SMAS flap is developed from a superior entry point above the zygomatic arch. 12 This was a separate category because this approach has a theoretical increased risk of injury to the temporal branch of the facial nerve. Deep plane referred to the technique described by Hamra 13 where sub-SMAS dissection is begun more anteriorly along a line from the angle of the mandible to the lateral canthus and develops a composite musculocutaneous flap comprised of skin, all subcutaneous fat of the cheeks, SMAS, and the platysma muscle. The deep plane flap is extended superiorly over the zygomaticus muscles and medially to the nasolabial folds.
In the literature, a deep plane facelift is often confused with sub-SMAS flap elevation, but the deep plane we categorize is specifically Hamra's procedure. Lastly, the composite rhytidectomy classification describes Hamra's technique 14 where a composite musculocutaneous flap is elevated similar to the deep plane facelift, but the orbicularis oculi muscle is elevated with the deep plane flap, maintaining its connections to the skin. The second inclusion criterion was that the study needed to clearly describe how many patients in the study underwent each technique employed, report the number of postoperative complications in participants, and, if multiple facelifting techniques were utilized, provide a clear delineation of which complications occurred with which technique. Included studies needed to report data on at least one type of complication.
Conflicts between the 3 reviewers would be resolved after discussion; however, this did not apply for any studies considered. The articles meeting the criteria were subjected to a full-length review and individual-level data were extracted for meta-analysis. In addition, the reference lists for each included article were reviewed for other articles fulfilling inclusion criteria, but none were noted.
Data Extraction, Outcome Measures, and Meta-Analysis
Data extraction was conducted independently by the 3 coauthors (A.A.J., A.S.A., J.L.R.), and any discrepancies between reviewers were resolved by discussion and consensus. For each study, we extracted the following information when reported. Data were extracted from the individual studies in 7 categories: the number of participants experiencing temporary facial nerve injury, permanent facial nerve injury, major hematoma, minor hematoma, seroma, skin necrosis, and infection. Major hematoma was defined as any blood collection requiring operative intervention. Minor hematoma rather was defined as any blood collection that was managed conservatively either by drain placement and/or needle aspiration. Additionally, when temporary or permanent nerve injury was present, data related to which individual nerve branches (frontal, zygomatic, buccal, marginal mandibular, cervical) were categorized, recorded, and included for analysis. The outcome measures were the count (n) and frequency (percent) of each complication. The absence of reported complication was treated as missing data rather than "zero" complications. Therefore, efficacy was not part of the study selection, data extraction, or meta-analysis.
Descriptive statistics were performed to determine weighted averages of each complication. To do this, data were aggregated from all studies where complications were reported. Complication rates were calculated by dividing the total number of each complication by the total number of patients in studies that reported the complication. Where data were not reported, the total number of patients is reported as "N/A" rather than zero to differentiate a 0% complication rate from an inability to calculate complication rate due to insufficient data.
Study-level data were combined to generate percentages for comparison. Performance, reporting, and analysis of this systematic review and meta-analysis were done in accordance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. 15 The occurrence of each specific complication was modeled separately employing logistic regression. The only fixed effect predictor was the categorical predictor of facelifting technique (6 levels). Within these models, each technique was compared to the reference technique utilizing odds ratios. Pairs of techniques were also compared employing odds ratios. Here is an example of what this means: If one facelift technique's rate of complication is compared to a reference technique's and the odds ratio is 2 (2:1), then the complication is approximately 2 times more likely in that approach than the reference category technique. SMAS plication was employed as the reference technique to which other techniques were compared. SMAS plication was chosen as the reference technique because it involves the lowest theoretical risk of facial nerve injury of all SMAS procedures because the SMAS is not incised or dissected, leaving the facial nerves in the sub-SMAS plane undisturbed. Analyses were carried out by means of SAS Version 9.4. (SAS Institute, Cary, NC).
RESULTS

Systematic Review
A total of 4273 articles were identified. Of these, 3375 were excluded based on the delineated exclusion criteria. The remaining 998 studies underwent full text review and 715 were excluded. Only 183 studies were found to have a clear description of the SMAS facelift technique that could be classified in 1 of the 6 categories described, included data on the number patients in their study series, and reported any data on the number of participants experiencing the complications of interest. These 183 studies were included for final analysis. The number of studies and number of pooled patients in these studies by category are as follows:
• SMAS plication: 58 studies, 9267 patients • SMASectomy with or without imbrication: 29 13, [170] [171] [172] [173] [174] [175] [176] [177] [178] [179] [180] [181] [182] [183] [184] [185] [186] • Composite: 6 studies, 858 patients 8, 14, [187] [188] [189] [190] 
Complication Rate by Technique
Data for complication rates were aggregated and are summarized for facial nerve injury by technique in Table 1 and for other major and minor complications by technique in Table 2 .
Temporary Facial Nerve Injury
Temporary facial nerve injury was reported in SMAS plication (0.69%, n = 5081), SMASectomy/imbrication (0.84%, n = 3454), SMAS flap (0.79%, n = 17247), high lateral SMAS (1.85%, n = 1300), deep plane (0.69%, n = 1597), and composite (1.52%, n = 858). We found a statistically significant increase in the risk of temporary facial nerve weakness with high lateral SMAS compared with SMAS plication techniques (OR = 2.71, 95% CI = 1.61 to 4.58, P = 0.0002) and composite compared with SMAS plication (OR = 2.22, 95% CI = 1.17 to 4.21, P < 0.05). Where reported, data on individual branches of facial nerve injury were aggregated and analyzed.
We found a statistically significant reduction in odds ratio of temporary frontal branch injury for SMAS flap vs SMAS plication techniques (OR = 0.21, 95% CI = 0.08 to 0.54, P < 0.01).
Because there were no zygomatic branch injuries reported for the SMAS plication technique, therefore precluding statistical comparison with other SMAS techniques, we instead compared all groups with zygomatic branch injuries with each other and found a statistically significant increase in odds ratio of temporary zygomatic branch weakness for composite vs SMAS flap (OR = 6.02, 95% CI = 1.76 to 20.6, P < 0.01) and SMASectomy/ imbrication compared with SMAS flap (OR = 5.56, 95% CI = 1.01 to 30.6, P < 0.05). There were no statistically significant differences in risk of temporary buccal branch injury for any of the techniques compared to SMAS plication techniques. There was a statistically significant reduction in risk of temporary marginal mandibular branch injury with SMAS flap vs SMAS plication (OR = 0.30, 95% CI = 0.14 to 0.63, P < 0.01). Reported outcomes for temporary cervical branch injury did not differ.
Permanent Facial Nerve Injury
Permanent facial nerve injury was reported in SMAS flap (0.04%, n = 14,253) and high lateral SMAS (0.08%, n = 1300). No permanent facial nerve injuries were reported for composite (n = 727), deep plane (n = 1795), SMAS imbrication (n = 3254), and SMAS plication (n = 5638). There was no statistically significant difference in overall incidence of permanent facial nerve injury comparing all techniques (P = 0.99). Similarly, when analysis was performed by facial nerve branch, Where statistically significant differences with SMAS plication exist, odds ratios are provided. OR, odds ratio; perm, permanent; SMAS, sub-superficial musculo-aponeurotic system; temp, temporary. 
Hematoma
Major hematoma was reported in SMAS plication (0.73%, n = 5719), SMASectomy/imbrication (1.92%, n = 2081), SMAS flap (0.85%, n = 8468), high lateral SMAS (0.62%, n = 1122), deep plane (1.22%, n = 2287), and composite (0.32%, n = 312). There was a statistically significant increase in the odds ratio of major hematoma for deep plane vs SMAS plication (OR = 1.68, 95% CI = 1.04 to 2.71, P < 0.05) and SMASectomy/imbrication vs SMAS plication (OR = 2.64, 95% CI = 1.71 to 4.10, P < 0.01). There was a statistically significant reduction in the odds ratio of minor hematoma for high lateral SMAS vs SMAS plication (OR = 0.07, 95% CI = 0.02 to 0.3, P < 0.01) as well as SMAS flap vs SMAS plication (OR = 0.46, 95% CI = 0.34 to 0.62, P < 0.01). There was a statistically significant increase in the odds ratio of minor hematoma with SMASectomy/imbrication vs SMAS plication (OR = 1.76, 95% CI = 1.7 to 2.45, P < 0.01).
Skin Necrosis
Skin necrosis was reported in SMAS plication (0.69%, n = 7232), SMASectomy/imbrication (1.04%, n = 1542), SMAS flap (1.57%, n = 11,970), high lateral SMAS (1.39%, n = 504), deep plane (0.49%, n = 822), and composite (0.37%, n = 267). There was a statistically significant increase in odds ratio of skin necrosis with SMAS flap vs SMAS plication (OR = 2.29, 95% CI = 1.68 to 3.14, P < 0.01).
Seroma
Seroma was reported in SMAS plication (1.46%, n = 823), SMASectomy/imbrication (8.01%, n = 774), SMAS flap (0.75%, n = 1608), high lateral SMAS (N/A), deep plane (4%, n = 200), and composite (0.37%, n = 267). There was a statistically significant increase in odds ratio of seroma comparing deep plane vs SMAS plication technique (OR = 2.8, 95% CI = 1.14 to 6.98, P < 0.05) and SMASectomy/imbrication vs SMAS plication (OR = 5.89, 95% CI = 3.15 to 11.0, P < 0.01).
Infection
Infection was reported in SMAS plication (0.53%, n = 4177), SMASectomy/imbrication (0.77%, n = 391), SMAS flap (0.26%, n = 7965), high lateral SMAS (0.87%, n = 1146), deep plane (0.73%, n = 2052), and composite (1.12%, n = 267). There was a statistically significant reduction in odds ratio of infection for SMAS flap vs SMAS plication (OR = 0.50, 95% CI = 0.27 to 0.90, P < 0.05).
DISCUSSION
A comprehensive discussion of surgical risk is a critical component of patient education and preparation during consultation. Although patients often enter consultation with preconceived notions of surgical risks, a discussion founded in evidence is critical to informed decision-making. Many complications are reported in the literature, but we elected to focus our review on the complications that are most commonly expressed as an area of concern during consultation by patients and the ones most commonly disclosed by surgeons as a part of the informed consent process: facial nerve injury, hematoma, skin necrosis, seroma, and infection. The area of largest concern for both patient and surgeon is the possibility of facial nerve injury. The risk of temporary or permanent nerve injury is often quoted by facelift surgeons as a reason for a patient to avoid certain techniques in rhytidectomy. In this regard, techniques that involve more extensive undermining of the SMAS and facial ligaments, including the extended sub-SMAS, high lateral SMAS, deep plane, and composite rhytidectomy, are often maligned as being too risky by surgeons who prefer more limited SMAS techniques such as SMAS plication, imbrication, or SMASectomy. Further, among sub-SMAS approaches, the deep plane and composite approaches are often discussed as being the most risky because they involve more anterior entry to the sub-SMAS plane (usually along a line from the angle of the mandible to the lateral canthus), where the extended SMAS and high lateral SMAS involve a lateral sub-SMAS entry point. Despite these speculations to date, there are no individual case series published in the plastic surgery literature that demonstrate an excessive rate of facial nerve injury, all usually reporting a temporary facial nerve injury rate in the 1% to 2% range. Further, there have been no largescale, comprehensive comparisons of complications stratified by surgical technique. Although external validity of individual case series is limited due to the relatively small number of patients in published series, aggregation of data via meta-analysis provides the ability for statistical comparisons across various techniques. Meta-analysis is a quantitative, formal, epidemiological study design used to systematically assess the results of previous research to derive conclusions about that body of research. Outcomes from a meta-analysis include a more precise estimate of the effect of treatment or risk factor than any individual study contributing to the pooled analysis. The benefits of meta-analysis include a consolidated and quantitative review of a large, often complex, sometimes apparently conflicting body of literature. In this meta-analysis we selected SMAS plication as the reference treatment in determining odds ratios because it is often noted as having the most favorable safety profile, specifically because the sub-SMAS layer is not entered and therefore surgical dissection does not occur in the plane of the facial nerves. After performing a comprehensive systematic review of all published literature, our analysis found permanent nerve injury rates for SMAS flap (0.04%) and high lateral SMAS (0.08%) techniques only. We did not find a statistically significant difference in the risk of permanent injury when comparisons were made across all techniques employing logistic modeling. Notably, there were no permanent buccal or zygomatic branch injuries reported, most likely due to the rich redundancy within these motor divisions making permanent deficiency unlikely.
Moreover, we found a relatively low percentage of temporary nerve injury reported across all rhytidectomy techniques, in order from lowest to highest: SMAS plication (0.69%, n = 5081), deep plane (0.69%, n = 1597), SMAS flap (0.79%, n = 17,247), SMASectomy/imbrication (0.84%, n = 3454), composite (1.52%, n = 858), and high lateral SMAS (1.85%, n = 1300). For all sub-SMAS approaches there was a statistically significant increase only in the odds ratio of temporary neuropraxia compared with SMAS plication for high lateral SMAS (OR = 2.71) and composite (OR = 2.22). Otherwise SMASectomy/ imbrication, SMAS flap, and deep plane did not statistically significantly differ from SMAS plication for rate of temporary facial nerve injury. Although the increased odds ratio of temporary neuropraxia for high lateral SMAS and composite techniques achieved statistical significance, we would argue that this is not clinically significant. The rate of temporary nerve injury is between 1% and 2%, which is expected and acceptable. Furthermore, given that these are temporary injuries and resolve, avoidance of a technique because it has a fraction of a percent increase in the rate of a nerve injury complication makes no clinical sense and could potentially be detrimental to the patient's overall outcome.
For studies that provided more detailed information about the affected division of the facial nerve, stratification was possible and we found a statistically significant increase in temporary weakness in the zygomatic division for composite (OR = 6.02) and SMASectomy/imbrication (OR = 5.56). Interestingly, this was the only division that involved an increased risk of temporary neuropraxia with multiple techniques compared with SMAS plication. In the composite facelift, the increased risk to this division has an anatomic correlate because it dissects under the orbicularis muscle where the zygomatic branches innervate and places them at risk. In SMASectomy, a strip of SMAS is excised along a line from the angle of the mandible to the lateral canthus overlying the area of the orbicularis, again putting the zygomatic branches at risk. There were no studies that specifically described buccal or zygomatic nerve injuries in any of the papers describing the deep plane technique. As such, these studies were not included in the logistic regression and an odds ratio was not calculated. Thus, we were not able to draw a conclusion with the deep technique with respect to temporary buccal or zygomatic weakness.
Notably, we found that sub-SMAS techniques involved a more favorable safety profile for temporary nerve injury of several branches of the facial nerve compared with the SMAS plication technique, with statistically significant reductions in the odds ratio. These included temporary nerve injury in the frontal division (SMAS flap OR = 0.21) and marginal mandibular branch (SMAS flap OR = 0.30). One possible explanation for this reduction in odds ratio is that in the plication technique, the sutures are placed without any dissection of the SMAS flap and thus underlying nerves are more likely to be blindly ensnared or tethered by the sutures, leading to temporary paresis. For surgeons, it stands to reason that dissecting, identifying, and preserving the anatomy often leads to lower complication rates than blindly working around vital structures.
It is interesting that the deep plane facelift technique had the lowest and same overall rate of temporary facial nerve injury as SMAS plication of 0.69%, because the deep plane is often discussed at plastic surgery conferences as having the highest nerve injury rate. There are likely anatomic reasons for lower rates in deep plane than in other sub-SMAS techniques. In deep plane surgery, the sub-SMAS plane is entered anterior to the frontal branch course so it is not at risk. With respect to the zygomatic and buccal branches, the sub-SMAS entry point is easier to dissect in the deep plane technique vs lateral SMAS procedures (including the extended SMAS flap and high lateral SMAS flap approaches). The lateral sub-SMAS approach requires elevation of the fixed SMAS that is densely adherent to the parotid fascia, requiring sharp or more aggressive blunt dissection, which in turn places these facial nerves at risk as they exit the anterior aspect of the parotid. With deep plane surgery, sub-SMAS entry is anterior along a line from the angle of the mandible to the lateral canthus at the beginning of the mobile SMAS. At this location, the sub-SMAS plane can be entered often with gentle finger dissection and thus nerves are less likely to be injured.
In addition to evaluating nerve injury complications, we also performed comprehensive analysis of other complications, including hematoma, seroma, skin necrosis, and infection. Hematoma was further categorized into "major" and "minor," with major hematoma indicating the need for surgical intervention for evacuation and control of hemorrhage. Not surprisingly, minor hematomas are much more common than major hematomas requiring operative intervention. Major hematoma was reported in SMAS plication (0.73%, n = 5719), SMASectomy with or without imbrication (1.92%, n = 2081), SMAS flap (0.85%, n = 8468), high lateral SMAS (0.62%, n = 1122), deep plane (1.22%, n = 2287), and composite (0.32%, n = 312) techniques. We found a statistically significant increase in the odds ratio of major hematoma for the deep plane (OR = 1.68) and SMAS imbrication (OR = 2.65) techniques. Additionally, there was a statistically significant increase in odds ratio of minor hematoma for SMAS imbrication (OR = 1.76) as well as a statistically significant reduction in the odds ratio for high lateral SMAS entry (OR = 0.07) and SMAS flap (OR = 0.46). We do not believe these are clinically significant because the rate of major hematoma ranged from 0.32% to 1.92%, which is considered by rhytidectomy surgeons to be typical and acceptable. Interestingly, one might assume that a technique such as the SMAS flap that has a greater subcutaneous flap might have a higher rate of hematoma, but this was not born out by the data. Small differences between techniques should not dictate which approach is chosen.
The last group of complications includes skin necrosis, seroma, and infection. We found that there was a statistically significant increase in the odds ratio for skin necrosis with the SMAS flap technique (OR = 2.29). This may be due to more extensive subcutaneous flap elevation and delamination of the SMAS compared with SMAS plication and SMASectomy, which often have shorter skin flaps as part of a more limited procedure. When evaluating seroma, we found a statistically significantly increased odds ratio for deep plane (OR = 2.8) and SMAS imbrication (OR = 5.89). We did not find any good clinical correlates that may explain these findings. For infection, we only found statistically significant reduction in odds ratio with the SMAS flap technique (OR = 0.50). Infection, seroma, minor hematoma, and skin necrosis rates are generally managed conservatively with medical management, serial aspiration, wound care, and close clinical follow-up. Even though the data are informative in the academic analysis of complications, clinically these small differences again should not direct even a junior surgeon from choosing one facelift approach over another.
One important consideration paramount to the validity of the findings is that the studies are correctly categorized by surgical technique. As such, the 2 principal investigators of this study (A.A.J. and A.S.A.) categorized the surgical technique as described within the methods section. Studies were not categorized merely based on the title of the publication, which we found in some cases to be contradictory to the actual described technique. Another important distinction to be made is that this study is not intended to assess clinical or aesthetic efficacy of the described techniques. Our systematic review and meta-analysis did not include any patient satisfaction data because we felt that this information would primarily be subject to significant bias and potentially obscure a more clarified discussion of complications without respect to efficacy.
One important limitation of this study is that although all studies contained some data on many of our desired outcomes, most did not contain data on all of the complications. As such, there are some complications for which no data were reported to either confirm or deny the presence of said complication. In these situations, it is important not to interpret the lack of complications as "zero" complications. For these limited circumstances, we are not able to draw any meaningful conclusions on the comparisons between techniques.
CONCLUSIONS
This study is the first of its kind to our knowledge to systematically review the literature on SMAS rhytidectomy and perform a meta-analysis of the complications. More invasive sub-SMAS rhytidectomy procedures such as the deep plane and composite techniques are often the subject of much criticism by patients and surgeons alike who feel that because of the anatomic plane of dissection the procedure will carry a higher risk of nerve complications; however, this is not corroborated by this comprehensive systematic review and meta-analysis. For all sub-SMAS approaches, there was only a statistically significant increase in the odds ratio of temporary neuropraxia when comparing high lateral SMAS and composite flap techniques with SMAS plication. This should not preclude the use of these approaches, because these injuries resolve and it is still in a very acceptable range between 1% and 2%. Further, there was no statistically significant difference in the risk of permanent injury when comparisons were made across all techniques utilizing logistic modeling.
Our study found that there are statistically significant differences in overall complication rates between techniques for hematoma, seroma, skin necrosis, and infection. Because these complications occur at such a low rate, they are of limited clinical significance. This meta-analysis establishes that all rhytidectomy approaches have a comparable and safe complication profile. As such, the choice of rhytidectomy technique should primarily be made on the basis of the quality of the result rather than the presumed complication rate.
